The early postnatal period is a highly sensitive time period for the developing brain, both in humans and rodents. During this time window, exposure to adverse experiences can lastingly impact cognitive and emotional development. In this review, we briefly discuss human and rodent studies investigating how exposure to adverse early life conditionsmainly related to quality of parental care -affects brain activity, brain structure, cognition and emotional responses later in life. We discuss the evidence that early life adversity hampers later hippocampal and prefrontal cortex functions, while increasing amygdala activity, and the sensitivity to stressors and emotional behavior later in life. Exposure to early life stress may thus on the one hand promote behavioral adaptation to potentially threatening conditions later in life -at the cost of contextual memory formation in less threatening situations-but may on the other hand also increase the sensitivity to develop stress-related and anxiety disorders in vulnerable individuals.
The postnatal period is a particularly important and sensitive developmental window.
Adverse events during this period -such as physical, sexual or emotional abuse -or being raised in an environment with a low socioeconomic status have been associated with an increased disease probability later in life (Hackman et al., 2010; Carroll et al., 2013) . For example, low parental income has been associated with increases in the incidence of earlyadult hypertension and arthritis (Ziol-Guest et al., 2012) . Similarly, childhood maltreatment and being exposed to bullying is a risk factor for inflammatory disorders later in life (Danese Development of the brain and brain function is therefore not only determined by genetic factors but also by environmental experiences, which can interact via epigenetic programming (Bagot and Meaney, 2010) . Long-term effects of these environmental factors are most pronounced when they occur during sensitive developmental periods (Meaney and Ferguson-Smith, 2010 ). Together, the dynamic nature of the brain's postnatal development -that is moderated by genetic and environmental factors -enables an individual to optimally adapt to environmental changes, but also renders the brain potentially sensitive to adverse environmental influences.
In this review we briefly discuss human and animal studies that investigated how adverse early life experiences determine brain development, cognition and emotional regulation. We focus on the brain regions that are critical for emotional regulation, such as the prefrontal cortex, amygdala and hippocampus (Izquierdo et al., 2016).
Early life adversity and human brain development
Humans grow up in a given socio-economic setting and during this early life period, they are influenced by many factors such as the extent and quality of parental care, cognitive stimulation, nutrition and social and financial status. These factors can interact and affect neurocognitive development (Hackman et al., 2010) . Although results from various studies on how early life environment determines brain structure and brain function are sometimes variable (which may be due to the different developmental trajectories or mediating factors that were investigated; for review see , there is evidence from 
Hippocampus
Luby et al. (2013) reported that childhood poverty is associated with smaller hippocampal volumes, which may be moderated by the extent of support from caregivers. The same group reported recently that early maternal support was positively associated with hippocampal volumes (Luby et al., 2016) . Smaller hippocampal volumes have been reported in children who suffered from early life stress (Hanson et al., 2015) or after childhood maltreatment (Teicher et al., 2012; . Not only hippocampal structure is sensitive to early life adversity. Liberzon et al. (2015) reported a reduced hippocampal activation following stress exposure in children who were raised in poverty.
Prefrontal cortex
Early childhood stress and childhood emotional maltreatment have also been related to smaller volumes of the prefrontal cortex (Hanson et al., 2012) and, more specifically, the 
Amygdala
Compared to the hippocampus and prefrontal cortex, the amygdala may often respond in an opposite direction; larger amygdala volumes have e.g. been found in children who were raised by mothers who suffered from depressive symptoms (Lupien et al., 2011) . By contrast, smaller amygdala volumes were recently found in children raised under conditions of early life stress (Hanson et al., 2015) and in patients suffering from posttraumatic stressdisorder with a history of early life trauma (Veer et al., 2015) and it remains unclear what explains these structural differences. hippocampus and subgenual nucleus, and lower amygdala -subgenual nucleus resting state connectivity in females (Herringa et al., 2013) . A weakened connectivity between the amygdala and anterior cingulate cortex has also been reported after earlier maltreatment (Pagliaccio et al., 2015) . Yet, Gee et al. (2013) reported that institutional rearing accelerates coupling of amygdala to prefrontal cortex, which may reflect an altered capacity to activate and control emotional responses (Meaney 2016 ). These studies may emphasize the potential role of timing when examining connectivity and volumes of specific brain regions in relation to early life adversity. 
Early life adversity and emotional learning in rodents
Whereas human studies are important to investigate correlations between early life experiences, global brain structure / activity and neurocognitive consequences, animal studies can increase our understanding of the underlying molecular and cellular mechanisms and establish causality between early life adversity and cognitive and emotional processes later in life (Chen and Baram, 2016) . 
Natural variations in maternal care
When compared to adult offspring from H-LG mothers, adult offspring from L-LG mothers has less complex cells in the hippocampal CA1 area and dentate gyrus (Champagne et 
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Together, these studies suggest that lower levels of maternal care received during the first postnatal week are later on accompanied by reduced spatial and executive function, but favor emotional learning processes and enhance anxiety (Figure 1 ).
Maternal deprivation
Maternal deprivation, induced by 24 hours removal of the dam from the pups increased neurogenesis in males 21 days of age (Oomen et al., 2009 ), but reduced proliferation of cells in 2 months' old male rats, and reduced survival and maturation of newborn cells at an adult age (Oomen et al., 2010) . No effects on neurogenesis were found in female rats, while the number of granular cells in the dentate gyrus were reduced after maternal deprivation (Oomen et al., 2011) . In addition, maternal deprivation slightly reduced complexity of primary dendrites in the rat dentate gyrus without affecting synaptic plasticity in this area in male rats (Oomen et al., 2010) . No effects on plasticity were found in female animals (Oomen et al. 2011 ).
Behaviorally, Morris water maze learning was also found to be impaired after maternal deprivation (Oitzl et Finally, LBN also strongly affected development of the prefrontal cortex (Yang et al., 2015) . Stress exposure during the first postnatal week hampered the development of dendrites in layers II/III and V pyramidal neurons in various subregions of the prefrontal cortex and reduced performance in the temporal order memory task, which assesses prefrontal cortex function (Yang et al., 2015) . In these studies, preventing apical dendritic retraction and spine loss in the prefrontal cortex after LBN also prevented impairments in prefrontal cortex-dependent cognitive tasks.
Early life adversity: towards emotional learning in rodents
Together, these rodent studies indicate that low levels and a fragmented unpredictable nature of maternal care, as well as maternal deprivation and maternal separation are accompanied in general by impaired hippocampal and prefrontal cortex functions, and by impairments in spatial and executive memory processes, whereas fear learning is enhanced (Figure 1 ).
Early life adversity and stress-responsiveness
There is substantial evidence that early life adversity enhances activation of the Yet, exactly how this connectivity alters over time and whether it contributes to enhanced emotional behavior after early life adversity remains elusive. Optogenetic or chemogenetic tools (e.g. using DREADDs (Designer Receptors Exclusively Activated by Designer Drugs) are now available an allow highly specific control of the activity of selective neuronal populations and their networks in brain areas. This may help to understand changes in functional connectivity between brain areas in controlling emotional regulation after early life adversity. In such studies, it will be of great interest to investigate effects of early life stress on the ability to discriminate between potentially safe and harmful contexts.
What is the cellular and molecular substrate that determines enhanced emotional behavior after early life adversity?
Activity-dependent changes in synaptic connectivity underlie learning and memory processes (Rumpel et 
Which factors contribute to individual variability?
An important question is why some individuals are sensitive to develop stress-related disorders, while others -which were exposed to similar adverse conditions -appear to be 
Understanding gender differences in the effects of early life adversity.
Evidence suggest gender differences in the risk to develop stress-related psychopathology (Kessler et al., 2003; Kessler et al., 1995) . It will therefore be important to understand whyin general -females are more prone to develop pathologies. In an interesting recent paper, Loi et al., (2015) suggested that male and female mice with a history of early life adversity respond comparable in anxiety-related tasks, while hippocampal function is relatively less M A N U S C R I P T
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17 sensitive to early life adversity in females (Loi et al., 2015) . Yet, the nature of gender differences in sensitivity to early life adversity deserves further attention.
Early life adversity and age-related cognitive alterations.
Several studies indicate that stress responsiveness correlates with cognitive decline during aging and the progression of Alzheimer's pathology (Davis et al., 1986; Masugi et al., 1989).
Since the activity of the HPA-axis is determined by early life adversity, it will be important to investigate whether and how early life experience determines the progression of age-related cognitive decline and in particular Alzheimer's Disease. Preliminary data indicates that this is relevant since early life adversity affects overall survival and amyloid levels in transgenic 
